T HE COMBINATION of two physical signs, increasing venous pressure and palpable decrease in arterial systolic and pulse pressure with inspiration in constrictive pericarditis was pointed out by Kussmaul.1 Wood2 alluded to these signs as evidence for pericardial effusion and attributed the rise in venous pressure to an inspiratory rise in intrapericardial pressure. Dock3 subscribed to this view, supporting his hypothesis by studies in cadavers. A recent monograph by Spodick,4 treating compressive cardiac disease and encompassing chronic constrictive pericarditis and pericardial effusion, reported that Kussmaul's venous sign is present in pericardial effusion.
In contrast, Hitzig5 examined the venous pressure in constrictive pericarditis, right heart failure, and a small number of patients with pericardial effusion and tamponade. Kussmaul's venous and arterial signs were present in 25% of the patients with constrictive pericarditis; however, both constrictive pericarditis and congestive heart failure were associated with a rise in directly recorded venous pressure at the end of deep inspiration. Kussmaul's venous sign was absent in peri- From The work cited suggests that discrimination between various disorders of cardiac function due to extracardiac compression might be possible by clinical criteria. Therefore, systematic investigation of the physical findings, extended when possible by appropriate laboratory procedures, was carried out on 37 patients. Sixteen had constrictive pericarditis, seven had pericardial effusion without circulatory compromise, seven suffered from cardiac tamponade, and seven exhibited physical findings suggestive of compressive heart disease but in these the disorder was related to respiratory disease, pancarditis, or extreme obesity. In the majority of cases without obliteration of pericardial space, intrapericardial pressures were measured. Correlation of physical findings and functional disorders were made. tory embarrassment. Venous pressure did not exceed 6 mm Hg and pulsus paradoxus was not apparent. A pericardial friction rub was noted at times, and the electrocardiogram showed flattening and inversion of T waves. Effusion was confirmed by ultrasonic methods and by cardiac scan after intravenous injection by radioiodinated albumin. After venous and arterial cannulation and measurement of control cardiac output, pericardiocentesis allowed the removal of 250 ml of fluid having the appearance of old blood. Pericardial pressure was -2 mm Hg and dropped slightly after tap. Cardiac index remained unchanged at approximately 4.0. Subsequently, the heart silhouette reduced to normal. Figure 1 shows femoral artery and intrapericardial pressures before and after fluid removal. Tranquil respiration caused a fall in intrapericardial pressure. No diastolic dip was visible in the venous pressure recording.
Case S. L. (Table 3) . A 65-year-old Negress entered the emergency ward complaining of dull, substemal chest pain. She had hypotension, elevated venous pressure, and pulsus paradoxus. Chest x-rays showed aortic dilatation. A presumptive diagnosis of aortic hematoma with dissection into the pericardial space was made and, after infusion of 1 unit of plasma, pressor therapy was no longer required. After venous and arterial cannulation, pressures were measured, and the cardiac index was estimated by indicatordilution methods. Pericardiocentesis, with removal of 45 ml of blood, was carried out. Before fluid removal, venous pressure was 22 mm Hg and intrapericardial pressure was 18 mm Hg. Both showed a decrease in pressure on inspiration. No diastolic dip was present in the venous pressure. Fluid removal was followed by a drop in venous pressure to 14 mm Hg and intrapericardial pressure to 7 mm Hg. Pulsus paradoxus was no longer present ( fig. 2 ). Subsequently, bleeding occurred into the right pleural space and abdominal cavity. The patient expired on the ninth hospital day with acute tamponade.
Case G. L. (Table 3 Case T. C. (Table 4) . A 71-year-old Negro with a history of respiratory distress and chronic cough for 10 years entered the hospital because of recent respiratory infection which had failed to clear. Chest x-rays showed increased cardiac silhouette over previous studies. There was a paradoxical pulse, but venous pressure was not observed above 5 to 7 mm Hg. A presumptive diagnosis of pericardial effusion was made and, after preliminary studies, the pericardial space was tapped with removal of 300 ml of fluid. The venous pressure and pericardial pressure were slightly reduced by the fluid removal, but the paradoxical pulse remained ( fig. 4) fluid during right heart catheterization did not appreciably change venous pressure and intrapericardial pressure, or increase cardiac index ( fig. 5 ).
On the following day, progressive deterioration ensued; a second pericardial tap was not followed by clinical improvement. Exploratory thoracotomy, carried out because of the possibility of loculated fluid causing tamponade, disclosed 75 ml of pericardial fluid and extreme dilatation and thinning of the right ventricular myocardium. The patient expired several hours after operation but postmortem examination was not done.
Group IIIC. Obesity Case R. W. (Table 4) . A 52-year-old Caucasian (height 72Si inches, weight 287 pounds) exhibited cervical venous distention and pulsus paradoxus with quiet respiration. Figure 6 shows the paradoxical pulse and the evidence of thoracic inlet obstruction. During 
Results
The coincidence of the selected physical signs with the disease states are represented by the modified Venn diagrams in figures 7 to 9.
Cardiac Output, Third Heart Sound, and Venous Pulse Figure 7 indicates that a reduction in resting cardiac output did not allow good diagnostic discrimination since a cardiac index of less than 2.5 was present in some members of groups I, II, and III. The occurrence of an early diastolic pressure dip (Friedreich's sign) and a third heart sound was confined to groups I and IIIB. Figure 3 indicates that respiration induced a 50-mm variation in left ventricular systolic pressure; however, the severe aortic valvular obstruction prevented reflection of the pressure variation in a simultaneously recorded aortic pulse.
Discussion Venous and Auscultatory Phenomena
Several authors have reported that the venous diastolic dip (Friedreich's sign) along with an early diastolic sound is very common in constrictive pericarditis, but they also have reported that these phenomena may exist in heart failure.4 12, 13 18 The present report is in agreement, since 15 of 16 cases of group I and all cases of group IIIB show these signs. Although the third heart sound tends to occur closer to the second sound and often is rather brisk in pericardial disease as compared with heart failure, the quality of the sound did not allow discrimination in the majority of our cases. In groups IIA and B and IIIA and C in which pericardial effusion, tamponade, respiratory disease, or obesity were the primary disorders, a third heart sound was not reported. Similarly, a diastolic dip in cervical venous pressure was not observed nor was it seen on direct measurement. Although the numbers are not large, the conclusion seems allowable that Friedreich's sign or prominent third heart sound would exclude the presence of lax cardiac tamponade or pericardial effusion in the absence of other cardiac disease. Our findings are in agreement with Fowler'9 wrho stated that a diastolic dip in the cervical veins is not found in pericardial effusion. The report of Connolly and associates20 contains the suggestion that diastolic sounds are not present in pericardial effusion. McKusick21' 22 Girculation, Volume XXXIII, May 1966 and Goldner and Kroop23 reported diastolic sounds in chronic pericarditis due to tuberculosis. The reports do not discount the possibility that the sound may have been a friction rub, or a combination of visceral pericardial constriction and effusion may have existed.
Transmission of Cardiac, Pericardial, and Chest
Wall Retractive Forces
The venous pressure phenomena during diastole are conditioned by various factors as Brecher24 has discussed. The early diastolic forces are comprised of restorative myocardial action and the negative intrapleural pressure. These forces, closely coupled mechanically by normal pericardial structures, are not commonly reflected in the cervical veins because of the low venous pressure. Elevation of venous and right heart diastolic pressures in congestive heart failure allow emergence VENOUS PRESSURE >12mmHg ( In certain patients with elevated venous pressure, late inspiration may be associated with a further rise in venous pressure. This is presumably related to the late inspiratory increase in abdominal pressure. 5 The elevation of extramural (abdominal) pressure in venous circulation may be reflected in a rise in cervical venous pressure or Kussmaul's sign. Kussmaul's venous sign may be considered evidence of failure of transmission of intrapleural pressure to the right heart chambers and lack of increased right heart output during inspiration. Both factors may operate in constrictive pericarditis. The latter factor would be operative in severe heart failure. Therefore, we conclude, as did Hitzig5 and Wood,'8 that Kussmaul's sign does not discriminate between constrictive pericarditis and congestive heart failure. It may, however, be evidence against cardiac compression by fluid.
Pulsus Paradoxus
Although several patients of group I showed respiratory pulse pressure variation greater than that noted in normal subjects,6 pulsus paradoxus as defined was absent (table 1) . Perhaps our rather strict adherence to the criteria of Gauchat and Katz9 is in part responsible for this. Many authors who have described pulsus paradoxus have implied that deep inspiration was employed in the test or that a 10-mm Hg decrease in arterial systolic pressure was a criterion. 4 Pulsus paradoxus was inconstant in lax pericardial effusion (two of seven cases), but could be easily induced by voluntary deep inspiration as Dornhorst and associates reported.27 Pulsus paradoxus was seen in six of seven cases of tamponade and the severity was reduced or eliminated entirely with removal of fluid. The occurrence in the two cases of obstructive airway disease with no obvious respiratory distress or voluntary exaggeration of respiration represents the "dynamic" form of pulsus paradoxus. We have previously reported the intrapericardial pressure variation in emphysema without effusion and have suggested a mechanism for pulsus paradoxus.6
The biphasic character of pulsus paradoxus, consisting of an early inspiratory drop in arterial pressure and pulse pressure followed promptly by a subsequent rise in arterial and pulse pressure as inspiratory efforts are maintained, was present when sustained inspiratory pauses could be carried out (figs. 2 and 6) . In a previous communication6 we considered this a result of a transient drop in left ventricular stroke volume due to an increased capacity of the pulmonary vascular bed, but the subsequently brisk rise in arterial systolic and pulse pressures occurs as the inspiratory augmentation of right ventricular output is ultimately delivered to the left ventricle. The "respiratory pump" continues to function, although possibly imperfectly. Thirty patients with primary cardiac compression due to constrictive pericarditis, lax effusion, or cardiac tamponade and an additional seven patients with spurious evidence of cardiac compression or with pericardial effusion playing an unimportant role in the circulatory disorder were studied. Rather stringently defined physical findings wvere sought which might allow discrimination between cardiac disorders. The following conclusions are drawn from the results.
1. Constrictive pericarditis is associated with venous and auscultatory phenomena which do not allow separation from other forms of heart disease causing congestive heart failure. Kussmaul's sign is present in less than 40%; pulsus paradoxus as classically defined is rare.
2. In lax pericardial effusion, Kussmaul's sign and Friedreich's sign, along with third heart sounds, are not present. Pulsus paradoxus is inconstant with tranquil breathing but is regularly induced by deep inspiration. There is inspiratory decrease in venous pressure and pericardial pressure. Cardiac index is normal and venous pressure is less than 12 mm Hg. Circulatory distress is not apparent. 3 . Tamponade induces signs of circulatory distress and is regularly characterized by pulsus paradoxus but Friedreich's sign, a third heart sound, as well as Kussmaul's venous sign, arc absent. The venous pressure exceeds 12 mm Hg. There is an inspiratory decrease in venous pressure and pericardial pressure.
The low cardiac index is usually relieved by tap. When aortic stenosis is present, respiratory variation in left ventricular systolic pressure may not be reflected by clinical pulsus paradoxus.
4. Spurious signs of cardiac compression may be due to (1) respiratory disease, (2) severe myocardial disease and incidental effusion, or (3) obesity. In the respiratory disease pulsus paradoxus, normal cardiac index, low venous pressure, and venous and pericardialpressure decrease with inspiration are present.
The second group does not show pulsus paradoxus and the elevated venous pressure, diastolic dip, and third heart sounds are due to heart failure. Obesity may cause pulsus paradoxus and increased peripheral venous pressure, which does not reflect central venous pressure. These findings seem related to inspiratory collapse of extrathoracic vessels.
